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Abstract/Synopsis
During my thesis, I isolated over 200 fungal isolates from the deep sea sediments
of Central Indian Basin (CIB) in two cruises to this area. The fungi were isolated using
different techniques like dilution plating, particle plating and pressure enrichment
technique on various mycological media prepared in seawater. Apart from media, baits
like artemia larvae and cysts, meiobenthos, polymetallic nodules were also used. The
isolated fungi were studied for their ability to grow under elevated hydrostatic pressures
and low temperature, in their native conditions. The fungal hyphae were detected directly
in the sediments using fluorescent brightener and the biovolume calculated to obtain the
fungal contribution to the carbon in the sediment. The isolated fungi were confirmed to
be native of deep sea sediment using immunofluorescence technique. Polyclonal
antibodies were produced against one of the frequently isolated cultures, Aspergillus
terreus. These antibodies showed positive reaction with the fungal hyphae present in the
same subsection from which this culture was isolated whereas did not show any reaction
with similar terrestrial cultures obtained from a culture collection. The deep sea culture
showed physiological and molecular differences when compared to similar terrestrial
cultures.
The cultures were analyzed for the production of stress proteins when grown at
different pressures and temperatures using proteins profiling. The comparative protein
profiles of the similar terrestrial and deep sea fungi revealed that low temperature and
elevated pressure are acting as a stress factor for the terrestrial strains, indicating that the
deep sea strains isolated during the study were native of the deep sea sediments. One of
the stress protectant, trehalose, produced under different pressures and temperatures was
also studied in a few yeast cultures.
The cultures were also studied for their ability to produce protease enzyme under
these conditions. One of the cold-tolerant, alkaline protease was purified and
characterized in detail. It was successfully demonstrated as a potential candidate to be
used in detergents.
The role of these fungi in nutrient cycling by production of other enzymes like
alkaline phosphatase was also evaluated. Alkaline phosphatase activity is widely used as
indicator of microbial activity in the sediments. When individual contribution of fungi
and bacteria towards APA was determined at elevated hydrostatic pressure, the share of
fungal APA was more as compared to the bacterial APA, indicating that deep sea fungi
could be contributing more towards APA than the deep sea bacteria used. A more active
role of fungi in the deep sea sediments for carbon cycling was shown in the form of
exopolysaccharide production leading to macroaggregation.
In conclusion, this study proves the presence and an active role of fungi in the
deep sea sediments of the Central Indian Basin. It would be worth while to conduct
similar studies in other oceans (deep-sea sediments) for comparison.
Although a great amount of information is available on bacteria inhabiting deepsea
sediments, the occurrence of fungi in this environment has been poorly studied and
documented. We report here the occurrence of fungi in deep-sea sediments from ~5000 m
depth in the Central Indian Basin (9-16oS and 73-76oE). A total of 181 cultures of fungi,
most of which belong to terrestrial sporulating species, were isolated by a variety of
isolation techniques. Species of Aspergillus and non-sporulating fungi were the most
common. Several yeasts were also isolated. Maximum species diversity was observed in
0-2 cm sections of the sediment cores. Direct staining of the sediments with Calcofluor, a
fluorescent optical brightener, revealed the presence of fungal hyphae in the sediments.
Immunofluorescence using polyclonal antibodies raised against a deep-sea isolate of
Aspergillus terreus (# A 4634) confirmed its presence in the form of hyphae in the subsection
from which it was isolated. A total of 25 representative species of fungi produced
substantial biomass at 200 bar pressure at 30o as well as at 5oC. Many fungi showed
abnormal morphology at 200 bar/5oC. A comparison of terrestrial isolates with several
deep-sea isolates indicated that the former could grow at 200 bar pressure when growth
was initiated with mycelial inocula. However, spores of a deep-sea isolate Aspergillus
terreus (# A 4634), but not the terrestrial ones, showed germination at 200 bar pressure
and 30oC. Our results suggest that terrestrial species of fungi transported to the deep sea
are initially stressed but may gradually adapt themselves for growth under these
conditions.
Fungi from coastal environments have been widely studied with respect to
the production of secondary metabolites and biotechnologically useful
lignocellulolytic enzymes. A few studies on mycology of deep-sea sediments,
however, have been carried out. This paper reports a study on alkaline, coldtolerant
proteases from deep-sea fungi. A total of 221 deep-sea isolates of fungi
from 5000 m in the Central Indian Basin were screened for the enzyme. Many of
these grew and produced alkaline protease at 5 and 30ºC and 1 bar pressure.
Aspergillus ustus (NIOCC#20) producing the highest amounts of the enzyme was
selected for further studies. The growth yield was substantial at 30 and 5ºC at 1
bar and elevated hydrostatic pressures. The fungus produced alkaline, coldtolerant
protease when grown at 30oC and 1 bar pressure. The enzyme was
active at combinations of 30o, 5oC and 50 and 300 bar pressure. However,
protease production was negligible when the fungus was grown at 5ºC, under 1
bar or elevated hydrostatic pressures. The enzyme produced at 30ºC and 1 bar
pressure was further characterized. The fungus produced a maximum of 1,639
ACU mL-1 of protease by day 7. The enzyme, with molecular mass of 32 kDa
and pI values of 6.6 and 6.9 showed several interesting properties. It had a
broad pH range of 6 to 10, with an optimum at pH 9. The optimum temperature
for protease activity was 45oC and approximately 10 % of the activity was
retained at 2ºC. The enzyme was totally inhibited in the presence of 2 mM PMSF
suggesting it to be a serine protease. It was active in the presence of several
commercial detergents at 2 g L-1 concentration and in the presence of 0.5 M
NaCl, equivalent to 29 parts per thousand salinity. In the presence of stabilizing
agents such as glycerol, CaCl2 its thermostability at 60ºC was enhanced. Heavy
metal ions copper, Hg, Fe, Ni and Zn did not inhibit the enzyme activity
considerably. This study indicates that fungi from deep-sea sediments could be a
useful source of proteases

Present invention particularly relates to production of alkaline
protease for various industries and especially for “enzyme detergents”
by a fungus Aspergillus sp. deposited in the microbial type culture
collection of Institute of Microbial Technology, Chandigarh, India,
under the accession number MTCC 5102 and the said fungus can be
grown in conventional media with commercial brands of milk powder
using distilled water at pH 7.0 at room temperature (28oC + 2oC),
however the said fungus grows well in seawater media too and also at
5oC; further, the protease enzyme produced by this fungus acts
equally well in the pH range of 6 to 11 and shows 100% activity at
temperature of 42-47oC but almost 90% of the activity is present at
30oC, 50% of the activity at 15oC and at 60oC. The enzyme is
thermostable up to 45 min at 45oC.			

